Fordyce's granules were observed in the gingiva of the upper incisor and molar teeth in F344 rats. The data were based on 734 males and 722 females that were used as control and treated animals in 26-week, 65-week, and 2-year studies by the National Toxicology Program. The incidence of Fordyce's granules was markedly different when comparing sex, age, and site of the lesion. Fordyce's granules were very common in the midsagittal gingiva of the upper incisor in males and increased in incidence with age (34.2, 50, and 56.3% in 26-week, 65-week, and 2-year studies, respectively). The granules of the incisor gingiva were rare in females (0, 0, and 2.8% in 26-week, 65-week, and 2-year studies, respectively). Fordyce's granules of the molar gingiva were very rare in both sexes and were found only in 9/734 (1.29'0) males and in 3/722 (0.4%) females. Only three unilateral granules of the molar were grossly recognized as focal swelling of the gingiva or a white nodule with a huge cyst in the third upper molar. Histologically, Fordyce's granules were arranged as a collection of sebaceous glands unassociated with hair follicles. In addition, the granules of the molar gingiva were associated with cystically dilated ducts filled with sebum. Ultrastructurally, the sebaceous cells were characterized by varying numbers of cytoplasmic lipid droplets and occasional desmosome and hemidesmosome formation. Fordyce's granules previously reported in rats of other strains were also reviewed and compared with those in F344 rats in regard to incidence, location, and age.
The sebaceous glands are normally confined to the skin, but ectopic sebaceous glands have been reported frequently in the human body.7 Sites affected include oral cavity, esophagus, male and female genitalia, nipples, palms and soles, parotid gland, larynx, and orbit. The oral cavity, where these glands are known as Fordyce's granules and spots or Fordyce's is the most frequently affected site. In 1896, Fordyce first reported this condition of the oral mucosa, but he misinterpreted the lesion as degeneration of the prickle cells of the oral epitheli~m.~ Ectopic sebaceous glands have been reported in the lip of a chimpanzee, the angle of the mouth of a hedgehog, and the soft palate of two guinea ~i g s .~O , '~J~ Very little is known concerning ectopic sebaceous glands of the rat. There are, at present, only three reports of ectopic sebaceous glands in rats in the literature as shown in Table l .135J5 In these reports, Fordyce's granules of the molar gingiva were incidentally found in Holtzman and Long-Evans rats. The occurrence of these Fordyce's granules was considered at the time to be related to strain specificity. In 197 1, however, the granules were incidentally found in Wistar rats with an experimental bacterial infection of the pulp .15 In F344 rats, we found Fordyce's granules not only in the molar gingiva but also in the upper incisor gingiva. The incidence of the granules was prominently different in terms of age, sex, and gingival site. In the rat, no Fordyce's granules of the incisor gingiva have previously been reported, nor have they been investigated by electron microscopy. In addition, only a few ultrastructural studies have been available in the human literature. l 5 This report provides gross, histologic, and ultrastructural findings and comparative incidences of Fordyce's granules of the incisor and molar gingiva in male and female F344 rats; furthermore, Fordyce's granules previously reported in rats of other strains are reviewed and compared with those in F344 rats in regard to incidence, location, and age.
Materials and Methods
We used data from 734 male and 722 female F344 rats, which were used as control and treated animals in three different National Toxicology Program carcinogenicity studies of the following compounds: o-chlorobenzalmalononitrile (CBAN), benzaldehyde, and sodium fluoride. The occurrence of granules, however, was not related to the administration of these compounds. At the time of study initiation, the animals were 6 weeks of age. Rats were administered sodium In sodium fluoride interim (26-and 65-week) and CBAN, benzaldehyde, and sodium fluoride chronic (2-year) studies, the upper incisors and molars were fixed with 10% neutral buffered formalin and were decalcified together with the nose. One histologic cross section through the upper incisor and molar (first or second) teeth was made for each animal during routine screening of the nasal cavity. Both sections were stained with hematoxylin and eosin and examined microscopically. Unfortunately, it was difficult to identify the exact location (first or second) of the upper molars. The lower incisor and molars usually were not examined. The hard palate that was present on the routine sections was examined but was not associated with Fordyce's granules. Three Fordyce's granules of the molar gingiva were examined electron microscopically.
Results
The gingiva was sectioned together with the upper incisors and examined microscopically in sodium fluoride interim and chronic studies. The gingiva between the upper incisor teeth where Fordyce's granules were consistently observed was not present in the incisor sections from the o-chlorobenzalmalononitrile and benzaldehyde chronic studies; therefore, Fordyce's granules of the incisor gingiva were observed only in F344 rats from the sodium fluoride interim and chronic studies.
There was a marked sex predominence in incidence of the granules in the incisor gingiva. As shown in Table 2 , the incidence of the granules was significantly higher in male than in female rats in sodium fluoride interim and chronic studies. In male rats, the incidence of the granules increased with age. The incidence in males was 34.2% (13/38), 50.0% (18/36) and 56.3% (169/300) in 26-week, 65-week and 2-year studies, respectively. In female rats, the granules were observed only in 2.8% (8/283) of the rats in the 2-year study and in none of the rats from the 26-and 65-week studies. These eight females were 79 weeks of age or older.
In sodium fluoride interim and chronic studies, the gingiva of the lower incisor and molars were also examined microscopically on undecalcified sagittal tissue sections of the lower jaw. Only two Fordyce's granules were observed at the lingual gingiva of the lower incisor in female rats in the chronic study, and none were observed in male rats. The exact incidence in either sex is uncertain, however, because the gingival section varied in location and quality.
As shown in Table 3 , in the upper molar, Fordyce's granules of the gingiva were found in nine (1.2%) of 734 male and three (0.4%) of 722 female F344 rats from the o-chlorobenzalmalononitrile (CBAN), benzaldehyde and sodium fluoride chronic studies but not in F344 rats of either sex in sodium fluoride interim studies. These nine male and three female rats were older than 79 and 94 weeks of age, respectively. In male rats, the incidence of the granules varied slightly among the three studies and was 2.5% (5/200), 0.7%
(1/150) and 1 .O% (3/306) in CBAN, benzaldehyde, and sodium fluoride chronic studies, respectively. In female rats, the granules were found in CBAN and sodium fluoride chronic studies but not in the benzaldehyde chronic study. The incidence was 0.5% (1/200) and 0.7% (2/293) in CBAN and sodium fluoride chronic studies, respectively. In the rat, the incisors are surrounded by the gingiva, which merges with the hairy lips that are normally associated with hair follicles and sebaceous glands ( Fig.  1) . In cross section, the normal gingiva of the incisor is separated into three sites: one midsagittal site between the right and left incisors and two lateral sites. Fordyce's granules of the upper incisor occurred only in the midsagital gingiva ( Fig. 1) . These granules were not grossly observed and varied in size under the light microscope. Usually, the granules consisted of one or two sebaceous glands that were unassociated with hair follicles and rudimentary hairs (Fig. 2) . Individual glands had one to three lobules consisting of acini composed of approximately 20 to 30 sebaceous cells. An early stage of Fordyce's granules consisted of a tiny group of only a few sebaceous cells without ducts, recognized as buds in the base of squamous papillae (Fig.   3 ). More typical Fordyce's granules had short common ducts lined by stratified squamous cells continuing with the epithelial layer of the gingiva (Fig. 2) . These ducts usually could be seen opening on the surface of the gingival mucosa and often contained a small amount of sebum consisting mainly of fat and cell debris. The sebaceous cells consisted of young mature, degenerative, and germinative cells. Young mature sebaceous cells were polyhedral in shape and each contained many small vacuoles within clear cytoplasm with a small, centrally-located nucleus. Degenerative cells had swollen or ruptured cytoplasms filled with large vacuoles. At the base of the acinus, it was often difficult to rec-ognize germinative cells, which were characterized by elongated, basophilic cytoplasm.
In the upper molar, unilateral twelve Fordyce's granules were found in the gingiva of the right or left molar at the lingual or buccal side, or infrequently in both sides. Occasional granules were observed at the anterior or posterior surface of the tooth. Of the 12 granules, nine were incidentally encountered in the lamina propria of the gingiva (Fig. 4) . Histologically, they were infrequently associated with small keratin plugs in the duct, which were slightly cystically dilated. Only three of the 12 granules in the upper molar were seen grossly. Two of the three granules, approximately 2-3 mm in size, were recognized as focal swellings of the gingiva, only after their cut surface was compared with that of the normal gingiva on the opposite side (Fig. 5) . The remaining largest granule was recognized as a white nodule (5 mm in size), with a huge cyst (3 mm in diameter), overlying the oral mucosa in the region of the third upper molar involving the hard palate. Histologically, the three granules were characterized by one or two large cystic ducts, which contained a markedly increased amount of sebum consisting primarily of laminated keratin and desquamated (degenerative and necrotic) sebaceous cells, together with neutrophils and bacterial colonies (Figs. 5 , 6). The largest granule showed the cavity of the pharynx respiratorius nearly compressed by a huge cyst with an orifice at the third molar. These large retention cysts were lined by a thickened layer of stratified squamous cells associated with a slightly increased number of acini without a nodular proliferation of sebaceous cells or the presence of mitotic figures (Fig. 6 ). Many small retention cysts also were found in the periodontal ligament, including the alveolar bone.
Ultrastructurally, Fordyce's granules were within a collagenous fiber stroma and consisted of typical sebaceous epithelial cells surrounded by the basement membrane (Fig. 7) . The germinative cells adjacent to the basement membrane were characterized by scant cytoplasm containing few organelles. Desmosomes were common and hemidesmosomes were observed in the cytoplasmic membrane overlying the basement membrane ( Fig. 7) . Nearly all mature sebaceous cells in the acinus had abundant cytoplasm filled with lipid droplets. Lysosomes were also found, but other cytoplasmic organelles, such as mitochondria and endoplasmic reticulum, were sparsely distributed. Young sebaceous cells were frequently associated with desmosomes, while, near the lumen, the degenerative cells showed a rupture of the cytoplasmic membrane and a partial and complete breakdown of the cytoplasmic organelles.
Discussion
During embryonic life, the oral region arises from the ectodermal depression, which forms the stomodaeum developing into the walls of the oral ~a v i t y .~ It is no wonder, therefore, that epithelial specializations such as hair and/or sebaceous glands occasionally occur in the oral cavity. In the rat, in fact, rudimentary hairs without sebaceous glands appear to be normally present within the palatal ridges of the hard ~a l a t e .~ The presence of Fordyce's granules in 80 to 95% of the adult human population supports the current opinion that "Fordyce's granules are neither ectopic structures nor adenomas but normal oral mucosal adnexal glands."2 When Fordyce's granules are particularly large in size, however, they may become of diagnostic interest in the differential diagnosis of "ectopia" versus "adenoma." The diagnosis "sebaceous adenoma" may be reserved for tumors consisting of incompletely differentiated sebaceous-gland cells. 6 The ectopic sebaceous cell adenoma originating in the human buccal mucosa has been reported as an exceptionally isolated case," but, it is not clear that the tumor originated in Fordyce's granules.2 This ectopic sebaceous adenoma was differentiated from ectopic sebaceous glands by the obvious absence of a common duct or lumen in a sharply circumscribed mass that was composed chiefly of lobules of lipid-filled sebaceous cells and germina-F344 rats, large Fordyce's granules were differentiated 1) a markedly cystic dilated duct, probably a common duct; 2) a slightly increased number of acini; 3) no mitotic figures; and 4) few germinative cells. These large granules were seen only in male rats. The cystic from the ectopic adenoma by the following features: Fig. 7 . Grossly visible Fordyce's granule in gingiva of upper molar; mature F344 rat. Fordyce's granule is surrounded by basement membrane adjacent to collagenous fibers (F) in stroma. Young mature sebaceous cells contain numerous lipid droplets in cytoplasm, and one germinative cell (G) is seen adjacent to basement membrane (arrows). Inset: A germinative cell associated with two hemidesmosomes is adjacent to the basement membrane (arrow). ducts were filled with the sebum. The increased amount of the sebum in male rats may be explained by the fact that sebum production is increased by small doses of androgens and decreased by large doses of estrogens.l3 The pathogenesis of large Fordyce's granules in F344 rats was considered to be due to sebum plugs that resulted in the occlusion of common ducts leading to the formation of large retention cysts, an apparently androgen-dependent process.
In F344 rats, the sebaceous glands were very common in the incisor gingiva of males but were rare in the incisor gingiva of females and in the molar gingiva of both males and females. The term "ectopia of tissues'' has been defined as "their development in situations where they are not normally found."18 Thus, the sebaceous glands of the incisor and molar gingiva in F344 rats may be best termed as "Fordyce's granules."
In human beings, Fordyce's granules in the lips and buccal mucosa appear to be related to gonadal hormonal stimulation because they are absent in fetuses and increase in frequency until puberty and in number during mature adult life.6 Although the actual incidence of the granules in infant and immature F344 rats remains unknown, all Fordyce's granules previously reported in the rat (as well as in this study) occurred in adult animals ( Table 1 ). In sodium fluoride studies, male F344 rats had an age-related increase in incidence of the granules in the incisor. In human beings, on the other hand, Fordyce's granules are extremely rare in the i n c i s o~.~ It is striking, therefore, that Fordyce's granules of the incisor were very common in the male but rare in the female F344 rat. This sexual predominance may be explained by the fact that the development and growth of the sebaceous glands are stimulated by androgens and inhibited by estrogens.l7
In human beings, Fordyce's granules are infrequently seen in the gingiva of the third lower m01ar.~ In F344 rats, the exact location of the upper molar sections containing granules was uncertain. Holtzman and Wistar rats were reported to have the granules in the anterior gingiva of the first upper molar, whereas Long-Evans rats had the granules in that of the first lower molar ( Table 1 ). In Wistar rats, sebaceous glands were noted in the buccal gingiva of the first upper molar but not in the second and third m01a1-s.~ These results may suggest that the most common site of Fordyce's granules in the rat molar gingiva is adjacent to the first molar. In the upper molar gingiva, the incidence of the granules was nearly ten times as great in male Wistar rats (12.5%) when compared to the incidence in male F344 rats (1 YO).'^ The incidence was not available in male Holtzman rats.l The lower incidence of the granules in the upper molar of F344 rats may be due to the site selected for microscopic examination.
Ultrastructurally, Fordyce's granules of the molar in F344 rats consisted primarily of typical lipid-filled sebaceous cells. A few peripheral germinative cells were seen and were characterized by a scarcity of cytoplasmic organelles and hemidesmosomes. These ultrastructures were similar to those of the human buccal mucosa.I2
In human beings, Fordyce's granules occur most frequently in the lips and buccaI mucosa and occasionally in the tongue, gingiva, and palate.2 In F344 rats, the granules were observed in the gingiva but not in other sites. This species difference is a very important factor in regard to locating and documenting the occurrence of Fordyce's granules in the oral cavity and comparing the incidence between human beings and rat. In the rat, unlike in human beings, the lips are hairy and are normally associated with sebaceous glands.8 In the human buccal mucosa, Fordyce's granules are frequently found at the angle of the mouth. 6 The rat normally has unique oral sebaceous glands-hairy patches-that are elevated on the inner (oral mucosal) side of the angle of the mouth. These glands are hair follicle-associated glands.8 The rat, therefore, normally has oral sebaceous glands in the same sites that ectopic sebaceous glands occur in human beings. Also, in the rat, the buccal mucosa-one of the most favored sites of Fordyce's granule occurrence in human beings-is usually not available for histologic examination because nearly all parts of the cheek are removed in order to fix and decalcify the nose. In the Wistar rats treated with 4-nitroquinoline N-oxide, sebaceous gland differentiation was experimentally produced most commonly in the hard palate, frequently in the cheek and gingiva, and rarely in the t~n g u e .~ In addition to the incisor and molar, therefore, the buccal mucosa as well as the hard palate and tongue should be considered as possible sites of occurrence of Fordyce's granules in rats.
